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(54) NONCONTACT THREE-DIMEKJSIONAL MEASURING EQUIPMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To three-dimensionally 



measure a work with high precision at a high speed. 
SOLUTION: Two kinds of measuring means, i.e., a CCD 
camera 34 used in image measuring equipment, and a 
laser probe 35 which measures displacement in a 
noncontact manner by using a laser beam are 
arranged together, and one imaging unit 1 7 is 
constituted. The imaging unit 1 7 is driven in XYZ 
directions on the basis of the respective measured 
values. A work 1 2 is imaged in a comparatively large 
range by using the CCD camera 34, and the shape is 
measured. Fine displacement of the work where 
judgement of focusing is difficult is measured with 
the laser probe 35. By using two-dimensional 
information obtained by the CCD camera 34, a 
measuring orbit can be easily set. The laser probe 
35 measures displacement amount of the work 1 2 




along the set measuring orbit. 
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(54) mmoiiiwi ifsmm=:^fjiMimm 



(57) 

LX 1 o®Iit^rL- >y h 1 7 ?:«^U ^(DJiitrL- >v 

h 1 7 ^ma&mizm-^^^x. xYz:^mzmm-t^. 

^mMlzm^Xly—*fzfu--:r3 4i^v-i^i 2<m& 

M^m^Lx\>^<o 




1 

mi^mmsimi^^ti^^mi^mz.^nx\m& lo 

m&<mmmK^^ xtmu-^±(Dm^mwi^ 
^&^<mmm^-^if hmsmm^mmi^x. ms^ 

Mizm-DX "o-^ cms m% ^mf-t^ ^<dx&& z. t 
^m^n-t^m^s^oi^msss^rkTmm^ 

So 

[if*3S5] Ki^^stisM^fiiiti, mmx:s> 
^:iti:<mt.-t^m^sms.mmm.^k7m^ 40 

So 

-rs^*=s 1 ~ 5 (Z)v^•ri^7t)^ 1 mm^^^pmi^^kim 

^^\.x%\^-h.^mivx^oy^Mm.t.m^^.h(D 
•fi^msi^'^u\ztji^ms.%^^(Dm&^m^h lx 
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]® 1 ~ 6 ® V N-r4x*> 1 JScD^P^tsr^^cM^iSg. 

[0 0 0 1] 
[0002] 

T'&Sc ^(Dmmm&mm.xv-'^(Dm^:^i^^^i^r=. 

[0 0 0 3] 

[58W7t)^ft¥j^tUJ;e)i;-r.S>^ LS l/l^v^ir-e^coJ: 

- vcD^m ^i^mmizm^x^ ^mmm^ v ^ 

mx&v. ^oymm. v'—ai^izmrMm^tf^^t^^^ 
mz^M^^iim^i^xL^^r^tb. m^^i}^i<i^\^t: 

[0 0 0 4] :*:|60m Z.(Di:of£mzm^fji^nr:i% 
(DX\ U—^i:W&M.-Dimmz^^k^'m-t&:itfi^ 

x^?>m^rk7im^^^mm-t?> :it^mii-r 

[0 0 0 5] 

^Ttm^mtit. v-^^miLxmmsmm<D-m^ 
m^.^.t(D^^m^t Lxmm-^mmmmmf 

7^mfH<Dmimmzjm-ts>mm=L=.y hmmm 

mmm=r-y h<Dm&^rk7xi^SfHX(mmi:^ 
ikTmmmtLxmij^^&mkm^mt. mmmm 
^mwii!,tir^wi.&mmzifn :^i,tm&<mt:im 
t-s<t ^ izm^<Dmmmizm^xtmv~i^±(Dm^ 

T, mmmkiii^m'<b(D^rkfmmm^mvj^tiz 



3 

[0 0 0 61 :mm<Dm2<D4¥mm.rk^iMi^ 

miMjkzjfmB&mkm^m^^(D^rk^mi^m u 

[0 0 0 7] 3|cf§^{cj;*i«, 2m(Dmm^m. mt> 

mm\.fcV^mmsML^mL\.x i 
h&fiiegu z.<JMm.^-vvik.mmmz^'5\^x. 
m!^'=L-^vvmmmxw^^^o\z\^x\.^^. z.(d 20 
fefib, mm^mxim^i<.^^^msx'^-^oymm^^'i 
-oximtm-t^-:^. ^^mmm\^^^^-i7oM/h 

^{cictKi, mm.^mxm(bnt=.rj!k5mmimi^m\^ 
xmmMm.^mmzm&ir^z.}if>^x^. K-owe&^n 
rzmmmzm':^ xi¥mm.m\m- ^ <mm&w& 

[0 0 0 8] msm^(Di5mt. LT, ^^mm.m\om 
&Mim\z^ux\m&<Dm^m^^!t^^\zim.=i-- 30 
V hmmm^mmhx. mmimm^^(D~rk^ 

^cf^J|5g$4^^v^/^;^,^$gHa)^CZi!I^:*'!pItg^c;&s„ * 

mmmm!^m.thib(D^^k7mmM.mL v iit/ j: o iz 
-r^t. ^mmmwmt^msbxM^mmmmiz^ 

[0 0 0 9] fjiis. m.^m&<Dm<Dm^fimit, 5**9^ 
^mihx^ay^mismt.m&^.iKoimmii^'^u \z 

[0 0 10] 50 
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m^<D^(mm\ m^^mmL,xz.am^(D 
mo^-'Wm\zm^^¥mi:^^kim'&mm.o>^mi-m.^ 
w^mm&mmn^^^t^^kjm^mi 3© 

H^rlltT-r-S 3 > 3. — jr i/T.'ri^ 2ii\Z^ ytteKSti 

[0 0 11] ^^k^ximmiii. ?koj:e)tc«^$tvT 
v^s. an*.. 3?^i i±tc{i. t«M^*f^T-*>s«:>-;^ 

1 2 5:«g-rsiB!l^7^-:^;i/ 1 3 j&^^tiTfe 3 

■rY|iii:i5iRi{c|g|&$ns. as^i 1 oM{B!li^*ifeSPfctt 
±i3\zmah%wr-2^ 14.1 5*^@^3*iTfey, 
30^i#r- A 14, 15 amism^T&^-r^^^ \z 
yma^ ki e-bm^^tvc^^^. ^©xw^jjv ki e 

=&^at^?:AiJ-tS=3p-JK- K2 2, S^a-f Xt^-C 
'yi^jK'yi'X2 3^^tJfv«l7X2 4i:, SflMiffl®, fl^H 
ffi;5ttJfft«mS:^-rsCRT7^>r x^b-f 2 5 i:, 
fWiiig^&^'J > hr-^ h'tS::^'; >4i 2 6 iiSrmr 

[0 0 12] Wm=L-^v h 1 7®|^g|J{i. H2{Ca^t-<fc 

\zzmii^\^^2f)m^^^x\^^o zirozfiSe^-Y F3 
2tCli, ]ej#K3 3;)!)<z$H:&r6ii(c|iijig«Etc|8t-tP,*u 

3(D^it®3 3{c, mm&'m<m!^^m:xib^ccu 

:*J^^3 4 il, #Ng^^ftT'fe-5.V— tf-^n-^3 5 
iimm^i[\,X\>^^, Z.4x{Cj:y, CCD:^^53 4ii 

»f::/n-:/3 5iil3u -^(OfilfiBB^Sr^oTX, 
Y, Z(^)3fl^D^f^a^cll^^c#l^|•^#sJ:■^>^c«;oT^r^ 

5. CCD:^j^^3 4tC«, «^HS:M^i-Sfe«?)® 

mm^m.^ Qiimm^tix^^^o iz-if^a-ysso 

— 9*^n-^3 5«, ^a-^y h 1 7(Z)^i&a)|^{Cl/ 
-• 9*ya-:/3 5 S:iSI8-r-5f::«)(Z)J:Tl66lil4 0 i:, 

[00 1 3] Eisii, \y—^-:fn-zfz^(Dm-m^m-t 

HT-feS. !i*5 l*^e>^jtl^S4^fc3fc^4, li'- 

U >v 5 2:at>' 1 /4 5 3 $::f^bfca)*., 

•a^}:^-h\yyXbA\z^-oXimims^t.-^t\^ 

5 5, 5 6RZJ^M^l'yX5 7^:frLX^-i^ 1 2<Dm 



I 
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^^nkmi^ ^^-5 6, 5 5, ny;l-hl/>X 
5 4 ^lt;t 1 /4 jjg^ 5 3 ©iSeig&SrillloTl^- A;^:/ 

U >y 5 2 X'lxM-^n. i>v 5-5 8 T'±Tlcz::9- 

5 9, 60 T*«^mS4xS. «^millg& 6 1 

*f<ai/>X5 7(0mj^Mm^^*^V-^ 1 2(Di!l^®6 2 

^miaSI 6 1 <D^ffiffi:^tcSt3<r ^Ti!^&SHi 6 4 tC 10 
*fifeU>X5 7®iafr®;fe«)<Dia&m^S:ffi:/j-rSo 

4^ i/>x 5 7 ^'^±rm-ts m&^ia^ e e (D^^smm 
[0 0 14] ^4 tad:, ^rkTxM'^imj^^yif^- 

?RI^M<3!)CCD:;!j^'53 4JttJfl/-Wn--/3 ^OM 
^eg?iS8m<Z)CCD^;)l5 3 5T*»7-'J^ 1 2S:^L 
Tf#f3tltiii^ffW> ^tl^nA/D^^7 1, 7 20 

2 X'^^mmy^- ^ tc^^$nfc®t>> ^lai!^ 7 3 

*&S*XS, CCD:;ij;*534, 3 8<Z)^lC«f;^«t:M^ 
4 , 7 5 ;{)^B^^ISg 3 6, 3 9 ii^tl^tX^ym-t^ Z. t 

2ilC'0^$tvS„ -^-LT, zn^^^timM=i--y h 

YZ$fi|g»gP7 7{Cj;oTXYZft*|Rl{Cigi&$4xSo 30 
mM:i-^y h 1 7®XYZil!ttrlnI<Z)fiSl*, XYZHftx 

[0 0 15] 3>tfrL-^f 2 

;&i-CPU8li:, z.<DCPU8 l{cg§|^3ns#HiIiii 

^^^U8 2, yny5A|e'ISSP8 3, r7-i':jl^U8 
4at>''1'>^-7x-:x.8 5. 8 6i:, #ffilif^i^^U 8 

1 izmm^tirc^jmM7'-^^cRT7''< 2 
5tc*^-r-5fc«)®*mf!RTO8 7 t.iz^ *}mm^nx 

v^So c PU 8 iti, iH#S?il^^- Ki: b-— 40 
Ki:T-^[lII?& 7 3 »J SIA-So ^[Hli2& 7 3 T'5®#? 

^^m^r-'SHt. 0^m*=^'} 8 2{C|&ii«S*iS. 
#ffiiif^^^U 8 2{c^&!^fl$nfe#ffiiii^5=-*-3fl*, ^ 
S«igP8 KD^^mmmz^^xCRTT"^ 

2 5(C^Stl-g>. ^-d<-h'2 2, i/"3-fX 

•r-'f «v 2 3S:t)tv^;>c. 2 4 *^e>A*S4^S;t'^ l^-^ 
«)Jg5^«?gti, >r>^7x-X8 5 5:/i-bTCPU8 1 

3 5T'^ffiStlit^^-^XYZ$flX>n-^f7 8*^e> 50 
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(DXY zsmmmm^m^iMi. cpu8itt, z.n^ 

z\zimi-^t\.r~^n^^Mzm-:5\<^x. x^zmmm 
inzj^^x^-tmm. m&m(Dm.mm^(D^m(D 
m^m^7-r?>. u-'^^^^v sAit, cpu8i(Z)# 

[0 0 16] ?;kic, z.(D^oizm^-^nr=.^mm\z^ 
\>^xmmi-?>, ziro^gT'ii, M«^^- Ki: i^-- 

[0 0 17] 05li, l^-- Ifii^^- K^CJ:S^i[<r^^R!l^ 

5(Dm£^n^ (sd „ hp 

t>, Hr^5ttftl^i|l®>^5^-i>'l 3±{C, 06{C:^t-i: 
e>?a:CCD?!j;A53 4^tt)fl/— tf:/D-^3 5-etfl!|^pI 
tl«dfcff-e«iV>2*©iiD!i8^fe0-L 1, L2$:^t;v^fl:9 
1 5:«e-r-5= r(7)?^*9 lli, miiS«9 2±izm 
^i|@h®^>'1^f->9 3 $:BBgUt<ke)'fc=fo®T*j: 
t^. CCD5!j;>l53 4SLUfl/-1f:/n-:/3 5{C<fc»JZ 
l«l*I^ICOia^®I^T'iiDl«L 1 . L 2 Sr^tl^tvM^ L-T 

m-r^ztiz^i). CCD;!j>i5 3 4^5:1)^1/— 9* ^''a 
->r3 5(7)#ffi^ra®>*-7l2«y N-filS::^*?). 3<0:t7 
•fe^y h«S:CCD?!7;>l5 3 4^ttJfl/— lf:/a-y3 5® 

[0 0 18] mE}tmtmyLt:i^s mz. rj-^ 1 2 
^mmm^Lxu-i^ 1 2®&gs:fiiigu i/— y^o 
-•^/-s 5{cj:5M^&tra^r»g*&j^{c^i&-rs (s 

2) „ iifm?iI^G)l?R{cti, l/-- tF^a-^3 5*^r7-i? 
1 2 il^^-rS nI|g14*^*>-2>«)T% M^^tf'ti, JtT 

migm4 o\z^^xv—*fzfn-zf3 5t:±lzi^^-^ 
So flPJiMAtfaiT-S/U^^flciyfTfctiSo 

tfiiI^^-KS:5g#?-r-g>il (S3) , ^Illi2&7 3 
7!)^^y#t>y, CRTfV 2 SCDHiDSliCCD 
?!j^5 3 4/)^e>l/'— 9-'i!l^ffl®CCD;*j^5 3 8 OH® 

i:;(&:So z.aywmiz^*), I/— /3 6}&>e>(Dl/ 

4) „ i>'3-<;^7^'l' ^y^' 2 3^V^X2 4^$: 

^uTi^--6^x;K>y h(mm%:m^t^zii^xn 

So J&fe, CCD5!j:?i5 3 81*, U— »f tr-A:;^.3i<«y h 
*^iEb<'7-^' 1 2±®B^teg{c^fcoTi^^SA>i:'e) 

ll^lCtt^U^V^ ZlOfcii), H#S!lSM®CCD;«j 
;>l 5 3 4 «)<}: -5 {ClBi^J56=fo(DT'$>S*£Mltt^V ^o * 
fe, l/-- tf^^fe't-tT'ti, I/-- ff^vK«y hWfi^gfenW 
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CCD;!j;*^3 8&t)fMW^fi3 9 $:CCD;«j;A^ 3 4 

[0 0 19] mz, m\>^mm.(^yfmt:^^^r^isb. mm 

(a) ^.^y-;i/ 

(b) mmy-)v 

(c) Uli^^y-;!/ 
(d) 

i|iSR, i^^y^PT, mitbn&e ^^A.x. m&a)m& 

(e) 20 

(f) irnx^y-;!/ 

^v^^c^t3i;t- s 2 o©igS!4)-©;S3 l 1 , l 2 ^^^x. 

(g) !Blfi^^7-;i/ 

(h) y7t-i]XV-)V 

[0 0 2 0] m&y-)^yti^mi^tu ig<si^>'t^^-4f so 
mt&^nr^^. «Jcv«$:^iff^s (se) . 

5*^^^:;?I«lS:I^I<<fce)tC, lx-if^P->^3 5 5:111 

[0 0 2 1] m.\<^mmzmvxit. xz-^-ztu-ztz 5 

©iM^IEHl^, mX\t±^, 5mm®«gH5:M^TZ||!l 40 

tC, I/— tf>''n->''3 5;^)^e>©^^^C«^^^TXYZ 
iR[||ggft8l$7 7 Srlgi&LT, tgiia.n>y h 1 lOiTMn^ 
feM?:±TS-&'5o Zl4xtcj;';: I/— y:/n-:/3 

z.(JM^. xYZfiSx>n-^7 8-e#e>*vsz«i^^ 
-liibb^Zfilrj^lfgcD^fiai:^*. ZiWWiRi®fitgft!lfflijb^lS 

»m-r4%«J:v>. L/-- tf>^D->^3 5<DlR!|^«gH 50 
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e)ic, u— !^*::fo-:/3 5(DZitt5^i^tegS:H3^LT, 
U'— tf^a-'y^S 5rt(D^L/>X5 7(D|gg6M^®» 

IgT'^St^ttC, Z$|l||g|&{Cj;Si^|8 (m«0. 1 
Atm) J:y=foier4«l?tg (m«0. 0 1 /tm) <Z)i!l^*^ 

^fiii(c?&oTm^corai5S-ezfiS:^i«i(Z)j^##;6^x, Y 

.^M7'-'f<Dfmm^miy^^ (S7) . 
[0 0 2 2] mz. .^M-T-^<7)mmm^iz^^^xmm 

ff-ts. SI o®7n-^-v-N^iof®i i<Dmm\z 

[0 0 2 3] S'T, C'-^' 1 2 e<2f:J{,'Cfgv^T^r^S##A^ 

(S 1 1) „ z:*l{Cj;»Jigi 1 (a) {C:^^* 
e)^M^^fe>^^!l7'-^^*^e>lll0 (b) {Ca^'thl/>Flt 

XmilS^^m 1 fa:&l6l> JiiH¥*&®®iS^«:^l^5:m 2 

9\zmkt^ (S 1 2) . Zltl{Cj;y, mi 1 (c) <K> 

t/ry (Gaussian) y ^ )\^9¥m:kMft^Z.il1i^X^ 
^^^<Z)T^ ^^T-l*^i^>v^'fl:^$:^T-tS (SI 

3 :iiii 1 (d) ) „ mz. io'^iyryy^j\^9m^ 

mi-r^ (S 1 4 : igi 1 (e) ) „ ^L/T, ^tf^y^ 

it^i[\.tc7'-9^^hL(mm. (.^'&\fv'j-<mm \zm 

f (S 1 5 : 01 1 (f ) ) „ mz. y.f-yzfS 1 2X- 

1 6 : mi 1 (g) . a^fC, X5^-/:/S 1 KD'f—St 
h b> KffiiElcj: i)m:int:^m^(DWiEi:^t\zm 
U 1 2;0^v%TV\S:^|Bj^-r-^5:^f 

S (S 1 7 : mi 1 (h) ) . 

[0 0 2 4] &ji<mmiz^ ^^k^M^-9(Dy 

^jv^vy'^^mMiznyz.tti^x^^o *fe> xt-^v 
14<7)mi^(0'r-9\,t. m'dv^Xy^ )V9m^ 
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[0025] 

LT 1 r:><Dmm=L-y h ^m^u z(Dmm=L-y h & 
-^(mmmr^xmmmt ^mmmi. 10 

So 

[EI 1 3 *ISW®-^M{c«€.*g^^^7t;Hr^ 
^^g(D$4miaT'fe-g>„ 20 

[02] nmmziB\^^mmp.-vv<j>mi>(jy^^ 

[@l] 
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[04 ] I^ISfgCD^y n V >J KT'&S. 

[0 5 ] I^^SfC J: S I/-- 9W^(D#)i|BS:a^f 7 n - 

[^ 6 ] mmmzi&ci^w^a \y—^zfu - ^©eaoE 
[08] mmm<m^^m^<D-mi:mm-t^r^tb<Dm 
[010] nwm.<j^mvr-^ms9mo^vn--f-'7 

[011] f^«¥«f«!aS:Si^tSfe«)®0l?«>So 

1 •••H?^7CiB!lSm 2-3>bf3.-^^>XT-A, 11- 
iz-v-fj. 1 3-iU^7^-y;k 14, 15 
•••3dtT-A, 1 6-X«l:!5f>f 17-JS«Sa.^y 
h, 2 l-n>tf^-;$r, 2 2 •••:3r-5}^- K. 2 3 - i^' 
H-iT.T-^V^if^V'PT.. 24 •••V^ZT., 2 5- -CRT 
T^-fXyW, 2 6":fy>^. 3 4, 3 8 "CCD3!j 
3 5 - U— y*^n-^, 3 6, 3 9 --fl^^g= 

[02] 
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